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POLYPEPTIDES AND POLYPEPTIDE ANALOGUES 

This invention relates to polypeptides which possess 
inhibitory activity against human elastase, processes vor their 
preparation and pharmaceutical compositions containing them as veil as 
to the genetic modification of hosts to express the said polypeptides, 
the hosts thereby obtained, the genetic material employed in the 
modification and vectors therefor. 

Human leukocyte elastase (HLE) is a proteolytic enzyme vhich 
is present in the azurophil granules of human polymorphonuclear 
leukocytes. Under normal circumstances these granules fuse with 
phagosomes containing foreign material, such as bacteria, and the 
particles are metabolised by a combination of HLE and other lysomal 
enzymes- However, under certain pathological conditions the 
polymorphonuclear leukocytes become attached to host protein, such as 
elastin and collagen, and the contents of the granules, including HLE , 
may be released directly onto the tissue. The resulting degradative 
activity of HLE on the host tissue is believed to lead to tissue 
damage which may play a role in diseases such as emphysema (2), adult 
respiratory distress syndrome (1), psoriasis (3) and bullous 
dermatoses (A). 

The potent proteolytic activity of HLE is known to be 
balanced to a certain extent by the antiproteoly tic activity of 
inhibitors such as Alpha^anti trypsin and Alpha 2 -macroglobulin . These 
inhibitors have been detected in serum as well as various tissues 
including epidermis (5,10). In addition, a low molecular weight 
inhibitor of human leukocyte proteases has been shown to be present in 
seminal fluid (11), cervical mucus (12), bronchial secretion (13) and 
parotid secretion (14) as well as in human serum (6). The inhibitor 
from all these sources was shown to be identical with 
antileukoprotease and its metabolites by immunoreac t ivi ty (6,15) or 
amino acid sequence analysis (16,17), and to also be a potent 
inhibitor of trypsin. Low molecular weight inhibitors have also been 
detected in bronchial mucus by Hochstrasser et al (21), and in 
psoriatic skin (22). The literature also repor ts ' o ther inhibitors of 
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elastase (18,19) vhich also inhibit trypsin. In addition, elastase 
inhibitors have been detected in the submandibular glands of dogs, 
lions and cats (20). 

According to one first feature of the present invention 
there is provided a polypeptide having all or part of the primary 
structure of formula I and fragments thereof, Ala-Gln-Glu-Pro-Val-Lys- 
Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu-Ile-Arg-Cys- 
Ala-Met-Leu-Asn-Pro-Pro-Asn-Arg-Cys-Leu-Lys-Asp-Thr-Asp-Cys-Pro-Gly- 
Ile-Lys-Lys-Cys-Cys-Glu-Gly-Ser-Cys-Gly-Met-Ala-Cys-Phe-Val-Pro-Gln. 
(Formula I) vhich polypeptide or fragments possess inhibitory activity 
against human leukocyte elastase, and compounds capable of being 
modified in vivo or in vitro to said polypeptide or fragments. 

According to the present invention there is also provided a 
polypeptide vhich comprises all or part o£ the folloving primary 
structure and fragments thereof: 

Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu-Ile-Arg- 
Cy s -Ala-Met -Leu- Asn- Pro-Pro- Asn- 

vhich polypeptide or fragments possess inhibitory activity against 
human leukocyte elastase, and compounds capable of being modified in 
vivo or in vitro to said polypeptide or fragments. 

Conveniently, the polypeptide or fragments have the 

structure: 

Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu-Ile-Arg- 
Cys-Ala-Met-Leu-Asn-Pro-Pro-Asn-X ; vherein X comprises one or more 
amino acid residues and is preferably Arg-Cys-Leu-Lys-Asp-Thr-Asp-Cys- 
Pro-Gly-Ile-Lys-Lys-Cys-Cys-Glu-Gly-Ser-Cys-Gly-Met-Ala-Cys-?he-Val- 
Pro-Gln . 

The polypeptide may be preceded by one or more amino acid 
residues, for example Ala-Gln-Glu-Pro-Val- ; or Y-Ala-Gln-Glu-Pro-Val- 
vherein Y comprises one or more amino acids vhich may be, for 
example : - 

Asn-Gly-Gln-Asp-Pro-Val-Lys-Gly-Gln-Val-Ser-Val-Lys-Gly-Gln-Asp-Lys- 
Val-Lys-; 
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Gly / Ala-Gin/ Val-Asp-Lys-Val-Lys- ; 
Asp-Lys-Val-Lys- ; or 
Gly/Val-Lys- ' 

Most preferably the polypeptide has the structure of formula 

I 

Conveniently, the polypeptide or fragments of the present . 
invention possess inhibitory activity vhich is specific for serine 
proteases, in that they possess inhibitory activity against proteases 
such as human leukocyte elastase and porcine pancreatic elastase; but 
do not possess any significant inhibitory activity against trypsin. 
Preferred polypeptides or fragments of the invention do not possess 
any significant inhibitory activity against human cathepsin G, Alpha- 
chymotrypsin and plasmin. 

Polypeptides, or fragments thereof, of the present invention 
may have an isoelec t ronic point at about pH 9.7 (as determined by 
isoelectronic focussing). 

Although they may be prepared by genetic engineering 
techniques the preferred polypeptides of the present ii.vention may 
also be obtained from psoriatic scales of human skin. 

According to the present invention there is also provided a 
polypeptide vhich possesses inhibitory activity against human 
leukocyte elastase, said polypeptide being obtainable from psoriatic 
scales of human skin and possessing one or more of the folloving 
characteristics : 

a) a molecular veight of about 9kD (as determined by SDS- 
PAGE) ; 

b) an isoelectronic point at about pH 9.7 (as determined by 
isoelectronic focusing); 

c) inhibitory activity against porcine pancreatic elastase in 
addition to human leukocyte elastase; 

d) no significant activity against trypsin, human cathepsin G, 
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Alpha-chymo trypsin and plasmin; 

or a fragment thereof possessing inhibitory activity against human 
leukocyte elastase. 

Polypeptides obtainable from human skin include those 
obtainable directly by means of isolation and purification procedures 
and also fragments of such polypeptides. 

Preferred polypeptides of the present invention contain one 
of the folloving amino acid sequences: - 

a) -Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro- 

and most preferably a N-terrninal sequence comprising the 
above sequence preceded by X, 

vhere X represents an amino acid sequence vhich may contain 
19 amino acids, vhich sequence is conveniently 

Asn-Gly -Gin- Asp-Pro- Val-Lys-Gly-Gln-Val-Ser-Val-Lys-Gly-Gln- 
Asp-Lys-Val-Lys- 

b) -Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly- 
Ser-Cys-Pro-Ile-Ile-Leu- 

and most preferably a N- terminal sequence comprising the 
above sequence preceded by 7., 

vhere X represents an amino-acid sequence vhich may contain 
six amino acids, vhich sequence is conveniently 

Gly/Ala-Gln/Val-Asp-Lys-Val-Lys- 

c) -Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly- 
Ser-Cys- 

and most preferably a N-terminal sequence vhich comprises 
the above sequence preceded by X, 

vhere X represents an amino acid sequence vhich may contain 
four amino acids, vhich sequence is conveniently 

Asp-Lys-Val-Lys- 

d) Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser- 
Cys-Pro-Ile-Ile-Leu-Ile-Arg-Cys-Ala-Mec-Leu-Asn-Pro-Pro-Asn-Arg-Cys- 
Leu-Lys-Asp-Thr- 
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and most preferably a N-cerminal sequence which comprises 
the above sequence preceded by X, where X represents an amino acid 
sequence which may contain two amino acid residues which are 
conveniently 

Gly/Val-Lys 

e) Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu- 
Ile-Arg-Cys-Ala-Met-Leu-Asn-Pro-Pro-Asn- 

and most preferably a polypeptide having an N-terainai 
sequence which comprises the above sequence. 

Particularly preferred polypeptides are as defined in the 
first aspect of the present invention, especially the polypeptide of 
formula I. 

The polypeptide of formula I also possesses inhibitory 
activity against protinase 3. 

The polypeptides and fragments thereof of the present 
invention are obtainable in a biologically pure and homogenous form. 
The present invention also provides a polypeptide as herein defined 
unaccompanied by associated native glycosylation. 

In addition to polypeptides as hereinbefore defined, the 
present invention also embraces other products which possess 
inhibitory activity against human leukocyte elastase, such as 
polypeptide analogues. Therefore, according to the present invention 
there is also provided polypeptide analogues of the polypeptides as 
hereinbefore defined which analogues possess inhibitory activity 
against human leukocyte elastase. 

These polypeptide analogues include polypeptides which 
differ from that hereinbefore defined in terms of the identity or 
location of one or more amino acid residues. For example, such 
analogues may contain substitutions, or terminal or intermediate 
additions or deletions of such residues. Such analogues would share 
an inibitory activity against human leukocyte elastase and may it 
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desired share one or more additional activities of the polypeptide of 
formula I such as inhibitory activity against porcine pancreatic 
elastase. , As examples, projected products of the invention include 
those vhich are more stable to hydrolysis (and, therefore, may have 
more pronounced or longer lasting effects than naturally-occurring); 
or vhich have one or more cysteine residues deleted or replaced by, 
e.g., alanine or serine residues and are potentially more easily 
isolated in active form from microbial systems. 

The polypeptides, fragments and polypeptide analogues of the 
present invention may be obtained in a biologically pure and 
homogenous form. 

The polypeptides of the present invention may conveniently 
be prepared by genetic engineering techniques. Analogues of the 
present invention may be prepared by expression of genes coding for 
such analogues. Such genes may readily be obtained by modifications 
of cDNA and genomic genes by vell-k.nown site directed mutagenesis 
techniques . 

Thus, according to a further feature of the present 
invention there is provided a polypeptide (as herein defined), or an 
analogue thereof, as produced by recombinant DNA technology. 

According to a further feature of the present invention 
there is provided a process for producing a polypeptide as 
hereinbefore defined, said process comprising culturing a host cell 
transformed with a replicable plasmidic expression vehicle comprising 
genetic material coding for the said polypeptide so that said 
polypeptide is expressed, and recovering the polypeptide so expressed. 

The term replicable plasmidic expression vehicle as used 
herein is used in its broadest sense and includes, for example 
plasmids vhich are able to replicate in a cell as an extra-chroraosomal 
element and those vhich are able to replicate by integration into the 
genetic material of the host cell. 
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The above-mentioned process may be effected by the use of 
any appropriate host cell such as E. coli, yeast or mammalian cells. 
Depending upon the host employed polypeptides of the invention may be 
glycosylated vith mammalian or other eucaryotic carbohydrates or they 
may be non-glycosylated. 

It will be appreciated that vhere the desired metabolite is 
not passed out of the host cell at a commercially useful rate, the 
host may be cultured and harvested as the intact cell and the desired 
polypeptide recovered by subsequently extracting the cells, for 
example after separation from the medium containing nutrients 
necessary for grovth of the host cell. Vhere the aietabolite is passed 
out of the host cell into the surrounding culture solution, then the 
polypeptide may be recovered by extraction in the normal vay . 

According to a further feature of the present invention 
there is therefore provided a transformant host capable of expressing 
a polypeptide as hereinbefore defined, the host comprising a 
replicable plasmidic expression vehicle, said vehicle comprising 
genetic material coding for the said polypeptide. 

According to a further feature of the pre-ent invention 
there is provided a process for the preparation of a transformant host 
as hereinbefore defined, said process comprising transforming a host 
by the insertion therein of a replicable plasmidic expression vehicle 
vhich vehicle comprises genetic material coding for a polypeptide as 
hereinbefore defined. 

Suitable methods for the introduction of foreign genetic 
material into host are generally known from the literature. Such 
methods include formation of a replicable expression vehicle 
comprising a vector and the foreign genetic material, and introduction 
of the vehicle into the host. Introduction of the vehicle into the 
host may be facilitated by subjecting the host to an appropriate 
treatment, for example in the case of E. Coli. by treatment with 
calcium chloride solution. 
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According to a further feature of the present invention 
there is provided a replicable plasmidic expression vehicle capable, 
in a transform host, of expressing a polypeptide as hereinbefore 
defined . 

Thus, there is also provided a process for the preparation 
of such a replicable plasm-idic expression vehicle, said process 
comprising inserting a gene coding for a polypeptide as hereinbefore 
defined into a vector at an appropriate insertion site so that a 
replicable plasmidic expression vehicle is obtained which is capable 
of directing the synthesis of a polypeptide as hereinbefore defined. 

According to a further feature of the present invention 
there is provided a DNA sequence that codes for a polypeptide as 
hereinbefore defined. 

DNA sequences of the invention include sequences useful in 
securing expression in procar/otic or eucaryotic host cells of a 
polypeptide as hereinbefore defined. DNA sequences of the invention 
are specifically seen to comprise: 

a) a DNA sequence set forth in Figure 13 and fragments thereof, 
and in particular the fragment vhich codes for the polypeptide of 
formula I, or its complementary strand; 

b) a DNA sequence vhich hydridises to a DNA sequence set forth 
in Figure 13 or to a fragment thereof; and 

O a DNA sequence vhich, but for the degeneracy of the genetic 

code, would hydridise to a DNA sequence set forth in Figure 13 or to a 
fragment thereof, and in particular to the fragment which codes for 
the polypeptide of formula I. 

Specifically comprehended in part b) are genomic DNA 
sequences encoding allelic variant forms of the polypeptide of formula 
I. Specifically comprehended by part c) are manufactured uNA 
sequences. Manufactured sequences may readily be manufactured 
according to the methods of Alton et al. PCT published application 
UO83/0A053; and Edge et al, Nature Vol 292, 756-762, 1981. 
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The fragments of sequences illustrated in Figure 13 referred 
to above include those generated by sequential digestion with 
restriction enzymes such as ECoRl and Sail; and vith BspMI and BamHI ; 
as veil as the fragment vhich codes for the polype tide of formula I. 
The sequences illustrated in Figures 14 and 15 referred to above are 
partial cDNA sequences whilst that in Figure 16 is the full cDNA 
sequence. Thus there is also provided a DNA sequence vhich comprises 
substantially the DNA sequence set forth in Figure 14 or 16 or its 
complementary strand. 

The degeneracy of the genetic code allovs substantial 
freedom in the choice of codons which can be used to construct a gene 
for the appropriate polypeptide of the present invention. Codons are 
normally selected vhich are preferred by the host. 

Polynucleotide probes may be constructed vhich are capable 
of hybridisation to any portion of the aforementioned DNA sequence or 
of a corresponding RNA or cDNA sequence. It vill be appreciated that 
the nucleotide probe vill comprise a nucleotide sequence capable of 
hybridisation to a sufficient length of the sequence to be determined 
to ensure that the probe unambiguously detects the sequence of 
interest. In general, the probe vill be capable of hybridising to at 
least 8 consecutive nucleotides of the sequence to be determined. 

Thus, according to a further feature of the present 
invention there is provided a polynucleotide probe vhich comprises a 
nucleotide sequence capable of hybridising to a DNA sequence as 
hereinbefore defined, or a fragment thereof, or a corresponding RNA 
sequence, said probe optionally having a labelled or marker component. 

The polynucleotide probes of the present invention may be 
labelled or marked according to techniques knovn in the art, for 
example 32P-radiolabelled in any conventional vay, or alternatively 
radiolabeled by other means veil knovn in the hydridisat ion art for 
example to give 35 S-radiolabelled probes. The probes may for example 
carry fluorescent markers. They may alternatively be labelled vith 
biotin or a similar species by the method of D C Ward et al , as 
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described in Proceedings of the 1981 ICN-UCLA Symposium on Development 
Biology using Purified Genes held in Keystone, Colorado on March 15- 
20, 1981 vol. XXIII 1981 pages 647-658 Academic Press; Editor Donald D 
Brovn et al or even enzyme-labelled by the method of A D B Halcomn et 
al, Abstracts of the 604th Biochemical Society Meeting, Cambridge, 
England (meeting of 1 July 1983). 

According to a further feature of the present invention 
there is provided an antibody effective to bind at least a fragment of 
a polypeptide as hereinbefore defined. The term antibody as used 
herein, unless the context dictates othervise, is to be taken to 
include intact antibodies such as polyclonal and monoclonal 
antibodies and antibody fragments as veil as chimeric antibodies such 
as described in UK Patent Application No. 2,188,638. The term 
"fragments" as used herein, unless qualified so as to indicate 
othervise, is to be taken to refer to fragments which contain the 
binding region of the ancibody. Such fragments may be Fab-type 
fragments which are defined as fragments devoid of the Fc portion, eg. 
Fab, Fab 1 , and F(ab 1 ) 2 fragments, or may be so-called "half- molecule" 
fragments obtained by reductive cleavage of the disulphice bonds 
connecting the heavy chain components in the intact antibody. 

The antibody of the present invention may if desired carry a 
label or marker component for example as hereinbefore described in 
relation to the polynucleotide probes of the present invention. Thus 
the antibodies may for example carry a fluorescent marker. It is not 
however necessary that the antibody of the present invention carry a 
label or marker component. Thus for example the antibody or the 
present invention may be detected by a second antibody which is an 
antibody to antibodies of the species of the antibodies of the present 
invention. The second antibody will have a labelled or marker 
component . 

Such antibodies or probes may be used to detect the presence 
or indicate the absence of a polypeptide as hereinbefore defined or 
corresponding DNA or RNA as appropriate, and hence the presence or 
absence of material possessing inhibitory activity against elastase. 
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Thus the probes or antibodies may be used to indicate whether an 
elastase-mediated condition may be at least partly caused by an 
absence of elastase inhibitory material. 

The potency of polypeptides of the present invention to act 
as an elastase inhibitor was determined by the ability of a compound 
of the invention to inhibit the action of human leukocyte elastase 
(HLE) on a low molecular weight peptide substrate. The potency of an 
inhibitor was evaluated by obtaining a kinetic determination of the 
dissociation constant, K. f of the complex formed from the interaction 
of th inhibitor with HLE. The substrate used was the anilide 
methoxysuccinyl-alanyl-alany 1-prolyl-valine-p-ni troanilide as 
described by K. Nakajima et al. in the J. Biol. Chem . , 25f_: 4027-4032 
(1979) and by T. Teshima et al. in J. Biol Chem ., 257: No 9, 5085-5091 
(1982). The HLE enzyme used in these studies may be obtained from 
Elastin Products of St. Louis, Missouri or can be purified according 
to B.R. Viscarello et al. in Preparative Biochemistry , Vol. 13, pages 
57-67, (1983). 

The polypeptides as hereinbefore defined may be used as 
obtained or purified in a known and appropriate manner and formulated 
into pharmaceutical compositions, for example by admixture with a 
pharmaceutical^ acceptable diluent or carrier. Administration may be 
by way of various routes known in the art. In particular, 
administration may be effected parenterally , for example 
intra-nasally, rectally, pulmonary, and by way of injection such as by 
way of intramuscular or subcutaneous injection. The pharmaceutical 
compositions will be formulated according to the mode of 
administration to be employed. For example, when the composition is 
to be administered intra-nasally, the composition may be formulated as 
a powdered aerosol; and when the composition is to be administered by 
way of injection it may be formulated as a sterile solution or 
suspension. Suitable diluents include aqueous solutions and additives 
such as buffers and surfactants may be added. 



Pharmaceutical compositions of the present invention 
include controlled release formulations. For example, the 
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polypeptides of the present invention may be encapsulated in a 
biodegradable polymer, or .ay be dispersed i„ a matrix of such a 
polymer, so that the polypeptide is released as the degradation of the 
polymer matrix proceeds. Suitable biodegradable polymers for use in 
sustained release formulations include polyesters vhich gradual y 
become degraded by hydrolysis when placed in an aqueous, physiological 
environment. A particular pharmaceutical composition vhich provides 

for extended release of a polypeptide is described in European Patent 
No 58431. in this composition a polylactide is employed, and vhen 

placed in an aqueous physiological- type environment polypeptide s 

released from the composition in a continuous manner until essentially 

all of the polypeptide has been released. 

The polypeptides o£ the present invention are potentially 
useful in the" treatment of conditions in vhich elastase-mediated 
tissue proteolysis plays a role. 

The polypeptides of the present invention (as herein 
defined) may be administered to a varm-blooded animal in need thereof, 
particularly a human, for the treatment of Inflammatory conditions, 
pulmonary conditions, skin conditions and conditions involving mucous 
secretion. Examples of conditions in which the polypeptides of the 
present invention are of potential use include atherosclerosis, 
arthritis, emphysema, adult respiratory syndrome, cystic fibrosis, 
bronchitis, acute non-lymphobastic leukemia and psorasis. 

The present invention also provides the use of a polypeptide 
(as herein defined) or an analogue thereof in the manufacture of a 
.edicament for treating diseases such as these mentioned above. 

Thus the present invention also provides a method of 
treating a varm-blooded animal, for example man, vhich comprises 
administrating an effective amount of a poiyp-iptide of the present 
invention (as hereinbefore defined) or an analogue thereof to said 
varm-blooded animal in order to treat diseases such as those mentioned 
above. 
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The invention will nov be further illustrated, by way of 
example only, by the following Examples with reference to the 
accompanying drawings, in which: 

Figure 1 illustrates a cation-exchange chromatographic procedure 

used in the extraction and purification of the polypeptide 

of formula I from psoriatic plaques; 
Figure 2 illustrates a reversed-phase-C8-chromatographic procedure 

used in the extraction and purification of the polypeptide 

of formula I from psoriatic plaques; 
Figure 3 illustrates a poly-sulf oethyl aspartamide chromatographic 

procedure used in the extraction and purification of the 

polypeptide of formula I from psoriatic plaques; 
Figure 4 illustrates a reversed-phase-C 18 -chromatographic procedure 

used in the extraction and purification of the polypeptide 

of formula I from psoriatic plaques; 
Figure 5 illustrates an analytical gel chromatographic procedure used 

to determine the molecular weight of the polypeptide of 

formula I; 

Figure 6 illustrates an isoelectric focussing procedure used to 
determine the isoelectric point of the polypeptide of 
formula I; 

Figure 7 illustrates the titration of human leukocyte elastase with 

the polypeptide of formula I; 
Figure 8 shows the sequence of the polypeptide of formula I ("the 

prominent inhibitor); 
Figures 9 to 12 illustrate the procedure used to sequence the 

prominant inhibitor (the polypeptide of formula I); 
Figure 13 illustrates a DNA sequence used in obtaining expression of 

the polypeptide of formula I; 
Figures 14 and 15 illustrate partial cDNA sequences for the 

polypeptide of formula I; 
Figure 16 illustrates the cDNA sequence for the polypeptide of formula 

I; 

Figure 17 illustrates the plasmid pUEX2 ; 
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Figure 18 illustrates the plasmid pDP258 used in the procedure for 

obtaining expression of mature polypeptide of formula I in 
yeast; and 

Figure 19 illustrates the accumulation of polypeptide of formula I in 
yeast . 

ISOLATION OF HUMAN LEUKOCYTE ELASTASE INHIBITOR 

Scales from the skin of patients with psoriasis or atopic 
dermatitis were collected, pooled and extracted in batches of betveen 
1 and lOOg. The scale material, which included normal human callus, 
was suspended in aqua dest. (10 to 200ml), the pH of the suspension 
adjusted to pH 2.8 using IX citrate and formic acid, diluted with 10 
volume per cent ethanol and frozen (-30°C). Mechanical disruption was 
then carried out by ultraturrax (1 hour on ice), ultrasound (15 
minutes, 400 watts), ultraturrax (1 hour) and centrifugation (10 
minutes at 5,000 x g) . The sediments obtained were re-extracted with 
507. ethanol and with 50% ci trate/ f ormiate (pH 3.0) and the 
supernatants of both extractions were combined. The combined extracts 
were concentrated by ultrafiltration (Amicon YM5) and diafiltrated 
against 0.01M ammoniumf ormiate (pH 4.0) to yield crude extract. 

PURIFICATION 

The crude extract obtained by the isolation procedure 
described above was purified chromatographically (according to the 
procedures described below) to yield a homogeneous sample of material 
possessing inhibitory activity against human leukocyte elastase. 

The crude extract was initially purified by way of cation 
exchange HPLC to separate material possessing inhibitory activity 
against human leukocyte elastase from material such as human leukocyte 
elastase itself. As illustrated in Figure 1, material possessing 
inhibitory activity against HLE was eluted as a broad peak between 
about 26 and 58 minutes. The fractions containing the prominent 
inhibitor were further purified on a C g -reversed-phase column and re- 
chromatographed until approximate homogeneity was observed (Figure 2). 
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Those fractions containing material possessing inhibitory 
activity against HL2 were combined and the chroma tographed on a Poly 
LC column. The separation yielded material which included a component 
which was shown to be the prominent inhibitor. This component was 
further purified by C lg -reversed-phase chromatography (Figure 4). In 
some preparations additional chromatogrphic steps of size exlusion 
HPLC and reversed-phase Poly F - HPLC were necessary in order to 
obtain greater than 952 purity (as proved by analytical runs on C ig - 
reversed-phase chromatography, Poly LC and by complete absence of 
contaminats in SDS-PAGE and isoelectric focussing). 

CATION EXCHANGE - HPLC 

Column: TSK CM 3-SV (7.5 x 150mm, LK3 Bromma, Sweden) 

Run: 20 minutes buffer A with a flow rate of 0.5 to 1.0ml per 

minute ; 

30 minutes linear gradient to 100% buffer B with a flow rate 
of 1.0ml per minute; 20 minutes buffer B; and 50 minutes buffer C. 
Buffer A: 0.01M ammoniumf ormia te pH 4.0 
Buffer B: 0.5M ammoniumf ormiate pH 4.0 
Buffer C: 0.5M ammoniumf ormiate pH 3.0 

The crude extract was chromatographed under the above 
conditions with automatic collection of 60 drops per fraction and with 
UV-detection at 280mm. Those fractions containing material possessing 
inhibitory activity eluted by the gradient were combined, concentrated 
and drafiltrated against 0.1% TFA. 
REVERSED-PHASE - C „ - HPLC 

Column: Nucleosil 300-7 Cg - HPLC Column (250 x 14.7mm, Macherey- 

Nagel, Duren, Germany) 

Run: Flow rate - 3ml per minute 

20ml 20% buffer 3; 75ml linear gradient to 60% buffer B; 
15ml linear gradient to 100% buffer B; 30ml 100% buffer B 
Buffer A: 0.1% TFA 

Buffer B: 0.1% TFA in acetonitrile 

Samples were chromatographed under the above conditions with 
UV-detection at 215nm and with peakwise collection. Fractions 
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containing material possessing inhibitory activity eluted with the 
gradient up to 60% buffer B vere combined, lyophilized and 
rechromatographed on the same column and under identical conditions. 

P0LY-(2-SULPH0ETHYL ASPARTAMIDE) - HPLC 

Column: Poly LC column (200 x 4.6mra, Columbia, HD, USA) 
Run: flow rate 1ml per minute 

10ml buffer A; 30ml linear gradient to 50% buffer B; 10ml 
linear gradient to 100% buffer B; 10ml buffer B 
Buffer A: 5mM KH 2 P0 A , pB 3.1 * 25% acetonitrile 
Buffer B: 5mM KH 2 ?0 4 , 0.5H KCl, pH3.1 + 25% acetonitrile 

Lyophilized samples vere solubilised in buffer A and then 
chromatographed under the above conditions, with UV detection at 220nm 
and vith peakvise collection. 

REVERSED - PHASE - C ig - HPLC 

Column: Nucleosil T00-5 C ig (250 x 4.6mm, Bischoff, Leonberg, 

Germany) . 
Run: flov rate lml per minute 

30ml linear gradient from 10 to 40% buffer B; 

10ml linear gradient to 100% buffer B; 10ml buffer B 
Buffer A: 0.1% TFA 
Buffer B: 0.1% TFA in acetonitrile 

Samples vere chromatographed under the above conditions vith UV- 
detection at 215mm and vith peakvise collection. If necessary, 
fractions containing material possessing inhibitory activity vere re- 
chromatographed in the same system until homogeneity vas achieved. 

SIZE - EXCLUSION - HPLC 

Column: TSK 2000 column (600 x 7.5mm, LKB, Bromma, Sveden) 
Run: flov rate lml per minute 

0.1% TFA 

Samples vere chromatographed under the above conditions vith UV- 
detection at 215mm and vith 20 drops collected per fraction. Mr vas 
calibrated using the peptides Val-gly-ser-glu, insulin, B-chain 
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fragment 22-36, aprotinin, chicken egg albumin and bovine serum 
albumin . 

REVERSED - PHASE - POLY F - HPLC 

Column: Poly F column (80 x 6.2mm, Du Pont, Dreieich, Germany) 
Run: flow rate 1ml per minute 

30ml linear gradient from 10% buffer B to 40% buffer B; 2ml 
linear gradient to 100% buffer B; 10ml buffer B. 
Buffer A: IX NH^ 

Buffer B: 1% NH^ in acetonitrile 

Lyophilized samples were solubilized in buffer A and chroma tographed 
under the above conditions with UV-detection at 215mm and with 
peakwise collection. 

PROTEIN DETERMINATION 

Protein concentrations were determined by integration of the 
absorbance at 215mm in Reversed-Phase-C ia -chromatography . The 
following were used as calibrators: ubiquitin (Sigma) and recombinant 
eglin C (Ciba-Geigy) . 
SDS-PAGE 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) was performed using a Pharmacia Phast System (Pharmacia, 
Freiburg, Germany) and homogeneous 20% SDS-gels according to the 
manufacturer's instructions. Samples were lyophilized and reduced by 
boiling (5 minutes) in 0.01M H 3 P0 4 , 8M urea, 2.5% SDS, 0.02% 
bromophenol blue, pH 6.8. As standards, myoglobulin fragments 
(Pharmacia) or horse myoglobin (Serva) and ubiquitin (Sigma) were 
used. Silver stains were performed according to the manufacturer's 
instructions (Sigma). 
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ISOELECTRIC FOCUSSING 

Isoelectric focussing was performed by using Servalyt 
Precoates pH 3-10 and Test-Mix 9 (Serva)- Prefocussing vas for 30 
minutes at 3 watts, and silver stain (Sigma) or Comassie blue R stain 
was used according to Serva instructions. In parallel, the precoates 
were sliced and eluted to localise inhibitory active peptides. 
Approximately 1mm slices were eluted with lOOul acetoni trile. The 
eluates were allowed to dry and were resolved in lOOyl of buffer (0.1M 
HEPES, 0.5M NaCl, IX 3SA, pH 7.5) containing 20ng HLE. After 30 
minutes incubation the remaining HLE activity was determined. 

BIOLOGICAL PROPERTIES 

The inhibition of several proteases by the prominent 
inhibitor were determined according to the methods described below. 
The results are illustrated in Table 1. 
TABLE 1 



PROTEASE 


| DISSOCIATION CONSTANT 


SUBSTRATE 








human leukocyte elastase 


| 3 x 10- 10 M 


2 mM AAPVpNA 


porcine pancreatic elastase 


j 1 x 10" 9 M 


| 0.1 mM AAPV-AFC 


human cathepsin G 


| n . i . 


| 0.5mM AAPFpNA 


Alpha-chymo t ry ps in 


| n. i. 


| 0.5mM AAPFpNA 


trypsin 


| n. i. 


| O.lmM TGPLpNA 


plasmin 


| n . i . 


| O.lmM TGPLpNA 



(n.i.: no inhibition) 



INHIBITION OF HUMAN LEUKOCYTE ELASTASE 

The activity of human leukocyte elastase (EC 3.4.21.37) was 
determined according to the method of Nakaj ima et al_(7). Inhibition 
of HLE was determined by the use of the synthetic peptide 
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methoxy-succinyl-alanyl-alanyl-prolyl-valyl-p-nitro anilide (AAPVpNA, 
Sigma) . 

Sample (lOOul) and lOOyl HLE (iQOng/ml; Elastin Products 
Corporation, Pacific, MO, USA) in assay buffer (0.1M, HEPES , 0.5M 
NaCl, 10X DMSO, pH 7.5) were incubated for 30 minutes at room 
temperature. Substrate (800ul 0.5mM) in assay buffer was then added. 

Changes in absorbance at 405nm were followed up to 1 hour 
and the X- inhibition was calculated from the remaining activity and 
controls. The dissociation constant (Ki) was determined according to 
the method of Green and Work. (8) in the same system, using 2mM 
substrate and (lug/ml) HLE (final concentrations). 
INHIBITION OF PORCINE PANCREATIC ELASTASE 

The activity of porcine pancreatic elastase (E.C. 
3.4.21.36) was determined using the flourogenic substrate 
methoxy-succinyl- alanyl-alanyl-prolyl-valyl-trif luoromethylcoumarine 
(AAPV-AFC, Bachem, Bubendorf, Switzerland). 

Elastase (lOOul) and inhibitor (lOOyl) vere pre-incubated 
for 30 minutes. A solution of substrate (1.8ml of a O.lmM solution) 
was then added. Flourescence , Ex 400 Em 505, was followed and the X- 
inhbition was calculated from the initial activity of samples and 
controls. The dissociation constant (£i) was determined according to 
the method of Green and Work (8). 

INHIBITION OF CATHEPSIN G AND ALPHA-CHYMOTRYPSIN 

The activities of cathepsin G and Alpha-chymo trypsin were 
determined according to the method of Nakaj ima et al (9) using an 
analogue to HLE - succinyl-alanyl-alanyl-prolyl-phenylalanyl-p- 
nitroanilide (AAPFpNA, Sigma). For inhibition experiments, the 
highest concentration of the inhibitor was lug/ml, representing a 
threefold molar concentration as compared to cathepsin G and Alpha- 
chymo trypsin. 
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INHIBITION OF TRYPSIN AND PLASHIN 

lOOul inhibitor (lug/ ml) and lOOul trypsin (lug/ml) or 
plasrain (lug/ ml) as appropriate were indicated for 30 minutes before 
adding the substrate, O.lmM tosyl-glycyl-prolyl-lysin-pNA (Boehringer 
Mannheim, FRG) in 0.05M HEPES , 0.12M NaCl, pB7.5. 

INHIBITION OF PROTEINASE 3 

Proteinase 3 was purified from human polymorphonuclear 
leukocytes using the method of Ludemann reported in J Exp Med 171, 
357-362, 1990. The absence of human leukocyte elastase and cathespin 
G was confirmed by the lack of activity of the proteinase 3 
preparation with the substrates 

methoxy-succinyl-ala-ala-pro-val-p-nitroanilide (AAPVpNA) , and 
succinyl-ala-ala-phe-p-nitroanilide respectively according to the 
method of Nakaj ima (7). 

The elastinolytic activity was determined by hydrolysis of 
bovine ligamentum nuchae elastin-FITC (Elastin Products Corporation, 
USA) . 

The proteinase 3 preparation (lul) was preincubated at 37°C 
for 30 minutes with the elastase inhibitor of formula I (0-lug) in 
carbonate buffer (50ul, 0.1M), NaN-j (0.02%), Brij 35 (0.01%), pH8,5. 
Elastin-FITC (lmg) in carbonate buffer (lOOul, 0.1M), NaN^ (0.02%), 
Brij 35 (0.01%), pH8 . 5 . The mixture was incubated at 37°C with 
gentle agitation for 4 hours, and then centrifuged at 6000 x g. The 
supernatants were diluted 1:20 and the fluorescence of the 
solubilised elastin-FITC was determined using a Perkin Elmer LS 50 
microtiterplate reader at Ex489nm, Em 513nm. Fluorescence was 
corrected by enzyme free controls and inhibition expressed in. % of 
inhibitor free controls. 

The polypeptide of formula I was found to be a potent 
inhibitor of protinase 3, with an activity corresponding to an IC 5Q 
of 9.5 x 10" 9 M. 
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CHARACTERIZATION 

Analytical size-exclusion chromatography (Tsk. 2000) of the 
prominent inhibitor gave an apparent moJecular mass of between 5 and 
10 KD) (Figure 4). The molecular mass of the prominent inhibitor on 
SDS-PAGE vas about 9KD), with migration in close proximity of 
ubiquitin (MV 8500) as shown in Figure 5. 

The isoelectric point of the prominent inhibitor was found 
to be pH 9.7, as shown by silver stain and by parallel enzymatic 
detection of the inhibitor in gel slices (Figure 6). 

The prominent inhibitor was found to inhibit the serine 
elastases HLE and porcine pancreatic elastase. However, neither 
Alpha- chymotrypsin, nor trypsin and plasmin were significantly 
inhibited by an at least threefold excess of the inhibitor. The 
equilibrium dissociation constant (Ki) for the inhibition of HLE vas 
determined according to the method of Green and Work (8), as shovn i 
Figure 7. 

The inhibitor vas also found to be acid stable. 



STRUCTURE DETERMINATION OF HLE INHIBITOR 
Direct Sequencing 

Approximately 5ug of the purified material of the prominent 
inhibitor vas subjected to sequence analysis using an Applied 
Biosystems Model 470A Gas Phase Sequencer with Model 120A on line 
analysis of the phenyl thiohydantoins . This gave a sequence of thirty 
residues as shovn in Fig. 8 but vith cysteines inferred by the 
absence of any identified residue. The initial yield of amino acid 
residues vas compatible vith a single chain polypeptide of molecular 
size 6-8K daltons. 
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Carboxamidomethylation (CAM) 

The purified prominent inhibitor (lOyg) vas dissolved in 
water (50ul) and mixed with 6M guanidine hydrochloride, 0.1M tris 
hydrochloride pH8.5 buffer (30ul). The tube was flushed with 
nitrogen and a di thiothrei tol solution added (5ul of a 50mg/ml 
solution in guanidine buffer). The .tube was again flushed with 
nitrogen, sealed and kept at 37°C for 4 hours. Iodoacetamide (5mg) 
in guanidine buffer (50uD was added and after flushing with nitrogen 
again the tube was kept in the dark at ambient temperature for 1 
hour. The sample was diluted to 1ml with 0.1% aqueous trif luoracetic 
acid and applied directly to a Vydac C18 column (25 x 0.46cm). The 
column was developed at lml/min with a linear gradient from 0.12 
trifluoracetic acid in water to 0.1% trif luoroacstic acid in 
acetonitrile over 70 minutes. This gave two peaks (Fig 9), a minor 
component at fractions 33-34 and a major one (ca. 67%) at 35-36. 
Each component was separately exposed again to the 

carboxamidomethylation conditions but further chromatography showed 
they were unaltered thus showing that original reaction had gone to 
comple t ion . 



Amino Acid Analysis 

Half of the minor component from the carboxamidomethylation 
was hydrolysed with 6N hydrochloric acid containing 1% phenol in 
vacuo at 1-10 °C for 16 hours. The hydrolysate was analysed using an 
LK3 Alpha plus amino acid analyser and gave ratios as shown in table 
2. Although the sample analysed was very small, background correction 
was not applied. 




TABLE 2 





Racio based on 


AAs found in 


Amino Acid 


57 AA peptide 


sequenced peptide 


Asp/Asn/Cys 


8.3 


4+8 cys 


Thr 


2.1 


2 


Ser 


4.5 


3 


Glu/Gln 


5.5 


4 


Pro 


7.0 


8 


Gly 


7.4 


5 


Ala 


3.0 


3 


Val 


3.0 


3 


Met 


1.6 


2 


He 


2.3 


4 


Leu 


3-4 


3 


Phe 


1.1 


1 


Lys 


4.5 


5 


Arg 


2.3 


2 



Digestion vith Chymo trypsin 

C 1 : The remaing half of the CAM derivative in fractions 33-34 vas 
taken up in 0.1M ammonium bicarbonate (50ul) and 0.2M calcium chloride 
(lul) and treated vith chymo trypsin (Wor thington, lOul of a 20ug/ml 
solution). The solution vas kept at 37°C for 1 hour and then diluted 
with 0.1* trifluoracetic acid in vater (200ul) for loading directly on 
to a Vydac C, Q column. A linear gradient to 0.12 trif luoroacetic acid 

la 

in acetonitrile vas run over 60 minutes at a rate of lral/min. This 
gave three main peaks as shovn in Pig. 10. Each of these vas 
sequenced as far as possible and the results are given belov. 
C 2 : Half the CAM product in fractions 35-36 vere digested vith 
chymotrypsin under the same conditions. The HPLC profile (Fig 11) 
shoved more extensive degradation had occured although peaks 1 and 3 
(Fig 10) appeared to be present to the same extent as peaks 1 and 8 of 
the second digest. The other peak, 2 in Fig 10, vas relatively much 
smaller in the second digest and not clearly at the same position as 
vere the other tvo. The additional peaks from C^, i.e. 3,4,6,7 and 9 
vere sequenced. These are shovn (Fig 8) apart from peak 7 vhich 
proves to have the same sequence as 6 as far as it vas taken. 
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Digestion vith Trypsin 

T: The remaining portion of the main CAM derivative, fractions 35- 
36, was taken into 0.1M ammonium bicarbonate (50uD and 0.2M calcium 
chloride (lul) and treated vith trypsin (200ng in 10ul 01M ammonium 
bicarbonate). The solution was maintained at 37°C for 30 minutes, 
diluted with 0.1% aqueous tri f luoroacetic acid and loaded immediately 
on to a C 18 column which was developed as for the other enzyme digests 
(Fig 5)- This showed two definable product peaks and no starting 
material remaining. The relevant sequence data is shown (Fig 1). 

A single amino acid analysis was carried out vhich gave an 
approximate rather than accurate indication of amino content which 
helped selection of enzymes for degradation into smaller fragments. 

Direct sequencing gave the first 30 residues and this was 
confirmed by the large tryptic fragment T10. The trypsin conditions 
allowed for large fragments on the major products, i.e. not all lysine 
bonds were broken and those fragments encompassing the full structure 
are given in Fig 8. Break points were limited to basic residues. 

By contrast chymo trypsin did not cleave after the one 
aromatic residue but did after the two methionines and also after 
leucine -33. In addition, cleavage occured after leucine -20. 

The C-terminal glutamine was assigned on the basis of a very 
small but detectable residue found in both the T9 and C2-3 peptides 
following strong proline peaks. This may however be anticipated from 
such a C-terminal residue. Several other chymo tryptic peptides, not 
included in Fig 8, provided further confirmation of the structure. 

The chymotryptic digest from the smaller CAM derivative were 
sequenced as far as possible giving '.he following data: 



C l-1 (cf C 2-l> 
C l-3 (cf C 2-8> 



Ile-Arg-Cys-Ala-Met 

Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro-Val-Gly/Ser-Xaa- 
Lys-Pro-Gly- 




2 Leu-Asn-Pro-Pro-Asn-Arg-Cys-Leu-Lys-Asp-Thr-Asp- 

Cys-Pro-Gly-Ile-Lys-Lys-Cys-Cys-Gly/Glu-Gly-Ser- Cys- 
From the data available the differences between the major 
and minor CAM derivatives could not ce seen. It vas not due to any 
extension or deletion at the N-terminus. 



The structure established (Fig 8) is that of a small 
predominantly basic polypeptide. It has an unusually high content of 
proline for such a molecule and also the glycine and cysteine indicate 
a tightly caged molecule. 

In addition to the prominent inhibitor, comprising a 57 
residue polypeptide, further material possessing inhibitary activity 
against human leukocyte elastase vas isolated and polypeptides therein 
partially sequenced. The following results vere obtained: 
Peak II - Major component E 
Minor component D 



Peak III - Major component D 
Minor component E 



Peak IV - Major component B 
Minor component C 



Peak V - Major component A 

Minor component starts at same position as main elastase 
inhibi tor . 



Component A: 

Asn-Gly-Gln-Asp-Pro-Val-Lys-Gly-Gln-Val-Ser-Val-Lys-Gly-Gln- 
Asp-Lys-Val-Lys-Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro . 



Component B: 

Gly/Ala-Gln/Val-Asp-Lys-Val-Lys-Ala-Gln-Glu-Pro-Val-Lys-Gly- 
Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu. 
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Component C: 

Asp-Lys-Val-Lys-Ala-Gln-Glu-Pro-Val-Lys-Gly-Pro-Val-Ser-Thr- 
Lys-Pro-Gly-Ser-Cys . 

Component D: 

Gly/Val-Lys-Ala-Gln-Glu-?ro-Val-Lys-Gly-Pro-Val-Ser-Thr-Lys- 
Pro-Gly-Ser-Cys-Pro-Ile-IIe-Leu-Ile-Arg-Cys-Ala-Met-Leu-Asn-Pro-Pro- 

Asn-Arg-Cys-Leu-Lys-Asp-Thr . 
Component E: 

Lys-Gly-Pro-Val-Ser-Thr-Lys-Pro-Gly-Ser-Cys-Pro-Ile-Ile-Leu- 
Ile-Arg-Cys-Ala-Met-Leu-Asn-?ro-?ro-Asn. 

In the above N-terainai sequences the 1-19, 1-6 and 1-4 
sequences of Components A, B and C respectively were determined with 
less certainty than the following part of the sequence. 

The additional components isolated were found to have 
similar properties to the prominent inhibitor, for example similar 
biological properties. 

The material possessing inhibitory activity against human 
leukocyte elastase was thus found to comprise a prominent inhibitor 
comprising an acid-stable polypeptide which is believed to bind human 
leukocyte elastase in a 1:1 molar ratio. This inhibitor is believed 
to be bound in a cage-like structure with a rfuraber of di-sulphide 
bonds holding the peptide in this form. A high affinity and 
specificity for elastases, and in particular for HLE, renders the 
inhibitor useful in the treatment of conditions in which elastase- 
raediated tissue proteolysis plays a role, for example psorasis and 
emphysema. Other polypeptides were also isolated indicating a family 
of polypeptides with similar properties to the prominent inhibitor 
and, indeed, partial sequencing of .elated polypeptides indicated the 
presence of at least a part of the amino-acid sequence of the 
prominent inhibitor. 
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Proteinase 3 is the third elastin degrading serine protease, 
beside human leukocyte elastase and porcine pancreatic elastase, that 
is effectively inhibited by the prominent inhibitor (the polypeptide 
of formula 1). Since this inhibitor appears to be a physioligical 
regulator of human leukocyte elastase mediated tissue proteolysis in 
skin and probably in other organs it appears to be of interest that 
this inhibitor also inhibits proteinase 3. Both enzymes human 
leukocyte elastase are constituents of the azurophilic granules of 
neutrophils and both are able to induce emphysema like tissue 
destruction in hamsters after instillation of the enzyme into the 
airways (Kao, R.C., Wehner N. G. Skubitz, R.M, Gray B.H. J.R, Huidal, 
Protinase 3 A Distinct Human Polymorphonuclear Leukocyte Proteinase 
that produces Emphysema in Hamsters J. Clin. Invest. 82, 1962-1973, 
1988). Since this inhibitor is able to inhibit either enzyme after 
preadsorption to the enzyme this inhibitor is of potential therapeutic 
value in lung diseases with elastase and proteinase 3 mediated tissue 
destruction. 

Synthesis of human leukocyte elasta se inhibitor 

The polypeptide of formula I ("the prominent inhibitor") vas 
synthesised as follows: 

A DNA sequence encoding the atnino-acid sequence of the 
polypeptide of formula I was designed according to the folloving 
considerations : 



1) 

2) 

3) 
4) 



Single - stranded cohesive termini to allow ligation at 
suitable sites in a plasmid. 

A series of restriction endonuclease sequences at the 5' -end 
to facilitate subsequent genetic manipulation. 
Translation termination codons. 

Codons at the 5' -end of the coding region were normally 
chosen to be A/T rich. Other codons were normally chosen as 
those preferred for expression in yeast and/or E.coli. 



Table 3. 
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The gene vas assembled from the 6 oligonucleotides shovn in 

TABLE 3 



CODE SEQUENCE (5' to 3') Size (bases) 

ELI1 AAT TCG AGC TCG GTA CCA TAC CTG 

CAT ATG CTC AAG AAC CAG TTA AAG 
GTC CTG TGT CTA CTA A 64 

ELI 2 CCT GGC TTA GTA GAC ACA GGA CCT 

TTA ACT GGT TCT TGA GCA TAT GCA 
GGT ATG GTA CCG AGC TCG 66 

ELI3 GCC AGG TTC TTG TCC TAT TAT CTT 

GAT TCG TTG CGC TAT GTT AAA CCC 
ACC TAA CCG TTG TTT GAA GG 68 

ELI4 TCA GTG TCC TTC AAA CAA CGG TTA 

GGT GGG TTT AAC ATA GCG CAA CGA 
ATC AAG ATA ATA GGA CAA GAA 69 

ELI 5 ACA CTG ATT GTC CAG GTA TCA AAA 

AGT GCT GTG AAG GTT CCT GCG GTA 

TGG CTT GTT TCG TTC CAC £AT AAT 
AG 74 

ELI 6 GAT CCT ATT ATT GTG GAA CGA AAC 

AAG CCA TAC CGC AGG AAC CTT CAC 
AGC ACT TTT TGA TAC CTG GAC AA 71 



Preparation of Oligonucleotides 

The oligonucleotide sequences shovn in Table 3 were prepared 
on an Applied Biosysteras 380A DNA synthesiser from 5' -dimethoxy trityl 
base-protected nucleos ide-2-cyanoe thyl-N,N- 

diisopropylphosphoramidi tes and protected nucleosides linked to 
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controlled-pore glass supports on a 0.2 micro mol scale, according to 
protocols supplied by Applied Biosystems Inc. 

Each oligonucleotide, after cleavage from the solid support 
and removal of all protecting groups, vas dissolved in vater (1ml). \ 
solution of 3M sodium acetate (pH5.6; 40ul) and ethanol (1ml) vas 
added to the oligonucleotide solutions (400uD and the mixtures stored 
at -70°C for 20 hours. The resulting precipitates vere collected by 
centrifigation (13,000 rpra for 10 min) and the pellets washed with 
ethanol:vater (7:3) (200ul) then dried briefly in vacuo and dissolved 
in water (15ul) and 10yl of a formamide/dye mix. (lOrnM 
NaOH, 0.5mM EDTA, 0.01% Bromophenol Blue, 0.01% xylene cyanol, 80% 
f ormamide) . 

The oligonucleotides vere purified on a 10% polyacrylamide 
gel in 50mM Tris-borate (pfi8.3) containing 3.3M urea. 
Oligonucleotides of correct length vere identified by UV shadowing 
(Narang et al, 1979 in Methods in Enzymology Vol 63, 90-98) - normally 
the most prominent band - excised from the gel and electroeluted in 
5mM tris-borate (pH 8.3) at 300mV for 3-4 hours. The aqueous solution 
was concentrated to about 200yl by treatment vith n-butanol (mix, spin 
and removal of the upper organic layer). The purified oligonucleotide 
vas precipitated at -70 9 C for 20 hours from a 0.3M sodium acetate 
solution by addition of ethanol (2.5 volumes). 

Assembly of gene 

Oligonucleotides ELI2 to ELI5 (200pM of each) vere 
phosphorylated vith T4 polynucleotide kinase (3.6 units) for 2 hours 
at 37°C in 25ul of a solution containing ATP (800pM containing 25pM 
gamma- 32 P ATP) , lOOuM spermidine, 20mM DTT, lOmM MgCl 2 , 50mM Tris-HCl 
(pH9.0) and O.lmM EDTA. The solutions vere heated at 100°C for 5 
minutes to terminate the reactions, then mixed in pairs, as shown in 
Table 2 to give duplexes I to III. (Oligonucleotides ELI1 and ELI6 
(200mM in 25ul) were used unphosphorylated) . 0 . 3M Sodium acetate 
(pH5.6, 200ul) and ethanol (350ul) vere added and the duplexes 
precipitated at -20°C for 20 hours. The resulting precipitates vere 
collected by centrifugation and washed vith ethanol:vater (7:3) then 
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dissolved in water (50yl). The pairs of oligonucleotides vere annealed 
together by first heating the solutions to 100°C for 2 min in a 
boiling water bath. The bath was then allowed to cool slowly to 40°C 
(about 4 hours). Solutions containing duplexes I and II vere 
combined, lyophilised and dissolved in 30ul of a solution containing 
T4 DNA ligase (1 unit; BRL), 50mM Tris (pH7.6), lOmM magnesium 
chloride, 5Z (w/v) PEG 8000, 1mm ATP, 1mm DTT. (BRL, Focus Vol 8 no 1 
Winter 1986) and the DNA ligated at 30°C for 5 minutes followed by 20 
hours at 16°C. 3M Sodium acetate (20yl) and water (150ul) vas added 
and the product precipitated by addition of ethanol (750uD and 
cooling to -20°C for 20 hours. The precipitate was collected by 
centrifugation and washed with ethanol (1ml) then dissolved in water 
(15yl) and formamide/dye mix (lOyl) and purified on a 10X 
polyacrylamide gel in 50mM Tris-borate (pH8.3), ImM EDTA and 8.3M 
urea. Bands for strands of length 132 bases and 135 bases were 
identified by autoradiography and isolated together by electroelution 
from a single gel slice as described above for individual 
oligonucleotide sequences. The DNA strands were annealed by first 
heating an aqueous solution (50ul) at 100°C for 2 minutes, then 
allowing it to cool to 40°C over 4 hours. 

Duplex III was joined to the product from the above ligation 
(I and II), essentially as described for the preparation of that 
product, except that the mixture was heated to 40°C prior to annealing 
the cohesive ends. The product, the gene sequence shown in Figure 13 
was purified on a BX polyacrylamide gel and isolated as described 
above by electroelution from a gel slice. After precipitation, the 
gene vas phosphorylated with T4 polynucleotide kinase as described 
previously for individual oligonucleotides, then dissolved in water 
(20uD- 
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TABLE 4 



NUMBER OF BASES IN 
DUPLEX OLIGONUCLEOTIDES TOP STRAND BOTTOM STRA^JD 



I ELI1 + ELI 2 64 66 

II ELI3 + ELI4 68 69 

III ELI5 + ELI6 74 71 

Cloning of the synthetic gene of human elastase inhibitor 

The synthetic gene described above, vas cloned into the 
plasmid vector, pUC18 (exBRL 520-5363SA) vhich contains a 
multi-cloning sequence. 

For vector preparation, lOug of pUC18 vas dissolved in vater 
(42ul) and 10 x B restriction buffer (3CL) . The restriction 
endonuclease BaraHI (3ul) (3CL, 8 units/ui) vas added and the mixture 
incubated at 37°C for 1 hour until linearised plasmid vas predominant 
over supercoiled and nicked circular forms. The DNA vas precipitated 
vith ethanol at 4°C for 30 minutes, vashed vith ethanol : vater (7:3) 
then dissolved in vater (44ul), 10X high salt buffer (BCL) . The 
restriction endonuclease EcoRI (lul) (BCL, 90 units/ul) vas added and 
the mixture incubated at 37°C for 1 hour until the large EcoRI - Bam 
HI fragment vas predominant. The DNA vas precipitated at -20°C for 20 
hours, washed vith ethanol: vater (7:3) then dissolved in vater 
(20ul). 

The large EcoRI - Bam HI fragment vas purified on a IX 
preparative agarose gel and electroeluted and precipitated as 
described previously, then dissolved in vater (20ul). For ligation of 
the synthetic gene, a mixture of vector DNA (2ul of the EcoRI - BamHI 
fragment solution), synthetic gene (5ul of the aqueous solution 
described previously, 5X ligase buffer (6ul - 250mM Tris pH7.6 50mM 
MgCl 2 , 257. tf/V PEG8000, 5mM ATP, 5mM DTT exBRL) vater (15ul) and T4 
DNA ligase (2yl, 1 unit/lul) vas incubated at 16°C for 4 hours. The 
DNA mix vas used directly (either lul of neat ligation mix or 2ul of 
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ligation mix diluted 5X with water) to transform E. coli strain HB101. 
The DNA mixture (1 or 2ul) was added to competent E. coli HB101 cells 
(20ul, BRL) on ice and the mixture incubated on ice for 45min then 
heat shocked at 42°C for 45 seconds. After 2 min on ice, lOOul of SOC 
buffer (Bactotryptone 2%; Yeast Extract 0.5%; NaCl 10mM; KCl 2.5mM; 
MgCl 2 ,MgS0 4 20mM (lOmM each); Glucose 20mM) was added and the mixture 
incubated at 37°C for 1 hour. Aliquots of suspensions were plated 
onto L plates with 50ul/ml ampicillin. Transformants were screened 
for the presence of cloned synthetic gene by colony hybridisation 
analysis using standard methods described in "Molecular Cloning; A 
Laboratory Manual" by Maniatis et al (Cold Spring Harbor) and in UK 
Patent Application No 8502605. A total of 160 colonies were streaked 
onto filters (Schleicher & Schuell), grown at 37'C for 20 hours, lysed 
and baked. The filter was hybridised at 65°C for 20 hours with a 
radioactive probe prepared from oligonucleotide sequence ELI 3 (Table 
1) by use of a random-label kit (Pharmacia). Six colonies 
(34,40,42,106,109 and 156) giving a positive hybridisation signal were 
grown up in L broth at 37°C for 20 hours on a small scale (100ml) and 
plasraid DNA prepared by centrifugation in a Caesium chloride gradient 
essentially as described in "Molecular Cloning; A Laboratory Manual" 
by Maniatis et al (Cold Spring Harbor). 

The DNA was sequenced by the standard chain-termination 
method as described by Sanger et al in Proc. Nat. Acad Sci . USA 74, 
5463-5467 (1977) using a Sequenase (Trade Mark) kit (United States 
Biochemical Corporation). Oligonucleotides ELS1 and ELS2 (Table 5) 
were used as sequencing primers. 



Table 5 



Code (Sequence 5' - 3') Priming site 

(Figure 1 ) 



ELS 1 AGCTCGGTACCATACCTGCATATGC 7-32 (top strand) 

ELS 2 CTTCACAGCACTTTTTGATACCTGG 144-168 (bottom stand) 
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The plasaid DW ««. clone 156 contained the sequence shovn 
U figure U 1 the plas.id vas designated the code pAC7 6 . PU»- 
pAG76 vas used to transform competent cells o £ the follov.ng E. coU 
strains by standard procedures :- 

HB101 

MSD462 (W3110 Delta lac) 
MSD522 (CGSC 6300) 

DH5 Alpha , . „ 

• f a Beta .1 „ rn-H-v" — »^ ase inhibitor fusion 
Expression of a B eca-^aiactosiua , 

protein . 

The synthetic gene sequence o£ the human elastase inhibitor 
V as cloned into . commercially available vector, pUEX2 (Aoersna^ 
Xnternational Plc-also deposited under the Budapest Treaty). The 
vector contains a gene for Beta-galactosidase under the 
transcriptional control of the P R promoter fro. bacter.ophag lambda. 
T h e plas id also contains a Beta-lactamase gene, v hl =h renders 
tra „ formants containing the piasmid resistant t< , ampici U» and 
g ene for the temperature sensitive repressor <C I35 7) of the P R 
promo ter 

The gene vas isolated from PAG76 (prepared from HSD522) 
Gloving sequential digestion vith EcoKX and SaU - 
the resulting 222bp fragment by electrophoresis on a 1% agarose gel 

The DNA fragment vas isolated from the gel by first 
electing the « onto 0« «» paper ^ ^ ^ ^ 
the NA45 paper vith 1M Nad solution. The procedure is brrefly 

follows:- 

, , h fth( «1 is vetted vith UTE buffer (lOmM Tris HC1, 

, Tu '/ust in front of the band to be eluted. — hores.s » 
ontinued for 5 .in, until the DNA band is absorb. - - A 

• • nwA id first washed in lxlfc outiei. 

paper. The paper containing the DNA is first 
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then treated twice with 1M NaCL (200ul) at 70°C for 10 min vi th 
occasional vortexing. The NaCl solutions were combined and the DNA 
precipitated with ethanol (1ml) at 4°C for 10 rain. The DNA was 
collected by centrifugation, washed with ethanol : water (7:3), dried 
and dissolvd in water (20ul). 

For vector preparation, 5yg of pUEX2 was digested with EcoRI 
and Sail in high salt buffer (BCL; 50ul) for 1 hour at 37 °C. The DNA 
was ethanol precipitated and purified on a IX agarose gel. The 6.7kb 
vector fragment was isolated by electroelution onto NA45 paper as 
described above, precipitated and dissolved in water (20ul). 

For ligation, 5yl of vector DNA (lug) was added to the 
elastase inhibitor gene fragment (lOul, lug), 5X ligase buffer (BRL; 
6yl), water (8ul) 'and T4 DNA ligase (lul, lu/ul). Ligation was for 20 
hours a 16°C. The DNA mix was used either directly or after 5X 
dilution with water to transform S.coli MSD462 and MSD522 cells as 
described previously for cloning the synthetic gene. A total of 8 
colonies were obtained in MSD462 and 75 in MSD522. Six of the MSD462 
colonies and 3 of the MSD522 colonies were examined by hybridisation 
analysis as described previously. All proved positive and were 
further analysed by growing up on a small scale to examine proteins- 
expressed at 37°C and 42°C. These small scale grows were conducted as 
follows : - 

Cultures were grown in 75ml of M9 medium contianing 0.022 
casein hydrolysate; glucose (2.0g/l), MgSO A .7H 2 0 (ImM), CaCl 2 2H 2 0 
(O.lmM), ampicillin (50ug/ml) and thiamine (4ug/ml) for 20 hours at 
37°C in a shaking incubator (250rpm). Cells were transferred to fresh 
medium (75ml) to give an OD550 of 0.1 and incubated at 37°C until the 
OD550 reached 0.4-0.5 then at 42°C for 3 hours. Cells were collected 
by centrifugation and an aliquot lysed by boiling (100°C, 15min) in 
laemmli buffer (0.125mM Tris-HCl, pH6.8), SDS (2% w/v) , glycerol (202 
w/v) bromophenol blue (trace) containing freshly added 
Beta-mercaptoethanol (2% w/v). Proteins were examined by 
electrophoresis in a 20% polyacrylamide gel and staining with 
Coomassie Brilliant Blue. All three clones from MSD522 and five 
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clones from MSD462 produced a new protein of higher molecular weight 
than a marker of Be ta-galac tosidase and the Beta-galactosidase protein 
produced by the parent pUEX2 vector. One clone from MSD522 was 
designated pAG77. 

Preparation of Be ta-galac tosidase-human elastase inhibitor fus ion 
protein 

A recombinant strain of E. coli MSD522 expressing the 
Beta-galactosidase-elastase inhibitor fusion protein (pAG77) was 
recovered from stock, streaked onto an L agar plate supplemented with 
ampicillin (50ug/ml) and incubated at 37°C for 20 hours. A loop of 
cells was transferred from this plate to each of 4x250ml Erlenmeyer 
flasks containing 75ml of M9 media supplemented as described above. 
These flasks were incubated by shaking at 300rpm on an orbital 
incubator at 37°C for 20 hours then at 42°C for 4 hours. 

Purification of Beta-galactosidase - human ela stase fusion protein 

The E. Coli cells were harvested and suspended in lysis 
buffer (15Z sucrose, 50mM EDTA, 50mM Tris hydrochloride, pH 8.0) and 
lysed by treatment with lysozme/LDS (0.5mg/ml and 0.052 respectiely) 
followed by sonication (4 x 45 seconds using an USE Sonicator) at 4 a C 

The resulting suspension was centrifuged and the pellet 
fraction resuspended in water followed by centrifugation. 

The washed pellet was solubilised in 6H guanidine 
hydrochloride in phosphate buffered saline containing 50mW beta 
mercaptoethanol . 

This solution was dialysed extensively against phosphate 
buffered saline and the resulting precipitate collected by 
centrifugation. 

The precipitate was dissolved in SDS polyacrylaraide gel 
loading buffer and subjected to polyacrylamide gel electrophoresis 
using a 10% reducing gel system. 
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The gel was stained with Coomassie blue and the protein band 
corresponding to the fusion protein vas cut out. This was then used 
as an immugen for raising antisera in rabbits. 
Preparation of elastase inh ibitor in yeast 
Yeast Secretion vector pDP258. 

The yeast secretion vector is shown in figure 18 and has 
been deposited under the Budapest Treaty. This vector enables fusion 
of coding sequence to the STE13 processing signal in the MF alpha 1 
prepro region. There are a number of reports describing how fusion of 
protein coding sequences, to the STE13 signal can lead to secretion of 
the encoded protein, although secretion or intracellular accumulation 
of partially processed or unprocessed fusion proteins has also been 
reported. This problem can be avoided by utilising other processing 
sites in the MF alpha 1 prepro region. See, for example, Bitter, G. A. 
et al P.N.A.S. 81, 5330-5334 (1984); Brake , A. J . et al P.N.A.S. 81, 
4642-4646 (1984); Zsebo, K.M. et al J . 3iol .Chem. 261, 5858-5865 
(1986); Loison, G. et al Bio/Technology 6, 72-77 (1988); Ernst, J.F. 
DNA 7,355-360 (1988). 

The construction of pDP258, illustrated in Figure 18 is 
outlined below. The position of restriction enzyme sites is 
approximate . 

The MF alpha 1 promoter and prepro coding sequence EcoRI - 
HindHI fragment from the EcoRI site at -959 in Flessel, M.C et al 
(Genetics 121, 223-236, 1989) to the HindHI site at 263 in Kurjan, 
J.J S, Herskowitz (cell 30, 933-943, 1982). This fragment can be 
derived from plasmid p69A described in Kurjan & Herskowitz (cell 30, 
933-943, 1982). 

The SalI(1606)-EspI/AatII region was derived from the ?550bp 
Sall-Aatll fragment of pBR328 (Covarrubias , L. et al. Gene 13, 25-35. 
1981) . 
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The Esp-EcoRl(l) region containing the LEU2 gene vas derived 
from the YEpl3S(YEp213) (Broach, J.R. Methods in Enzyraol. 101, 
307-325. 1983 and Sherman, F et al Methods in Yeast Genetics, Cold 
Spring Harbor 1986, P 95). The Hindlll site present in the 2u sequence 
vas destroyed by Hindlll cutting, filling with Klenov polymerase and 
religation. 

A Hindlll-SphI fragment containing the ADC1 terminator 
derived from plasmid pAAH5 (Ammerer, G. Methods in Enzymol. 101, 
192-201) vas treated with T4 polymerase to create flush-ended DNA. The 
Sail site (shown at 1606 in figure 18.) vas cut and filled using T4 
polymerase. The ADC1 fragment vas ligated with the plasmid fragment to 
generate a recombinant containing the ADC1 terminator in the correct 
orientation to terminate transcripts originating from the MF alpha 1 
promoter. This cloning also regenerated the Sail site (shown) and the 
Hindlll site (bracketed). 

The polylinker containing the sites shown on the map vas 
cloned into the Hindlll site regenerated by the ADC1 terminator 
cloning. This polylinker vas designed so that only one Hindlll site 
was preserved by the cloning. pDP258 contains the polylinker in the 
orientation shown in figure 18. The Hindlll site shown in brackets is 
destroyed by the polylinker cloning. 

Modification of yeast sec retion vector. 

The plasmid shown in figure 18 was further modified to 
introduce restriction sites, SphI at the signal peptidase and StuI at 
the KEX2 processing sites in the MF alpha 1 PrePro region to enable, 
fusion of protein coding DNA sequences to these processing signals, in 
order to facilitate secretion of the encoded protein to the 
extracellular medium. In vitro mutagenesis was performed as detailed 
by Amersham International pic in their "Oligonucleotide-directed in 
vitro mutagenesis system version 2" (code RPN.1523). Other procedures 
utilised in this work are known to those skilled in the art and are 
described, for example, in "Molecular Cloning - A Laboratory Manual" 
2nd Edition. Sambrook,J. Fritsch, E . F . & T . Maniat is . C.S.H. 1989 
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Introduction of SphI site at Signal Peptidase processing site. 

In order to enable fusion of the elastase inhibitor coding 
sequence to the MF alpha 1 "pre" secretory leader, an SphI restrictio 
enzyme site' was designed, so that following restriction and T4 
polymerase treatment a blunt end is produced which terminates at the 
third base of the last codon (amino acid 19) of the MF alpha 1 signal 
sequence (see for example Ernst, J.F. DNA 7, 355-360; 1988). A 
mutagenic oligonucleotide primer was designed and synthesised to 
introduce the necessary sequence changes in the MF alpha 1 signal 
sequence. 



Figure 1A. 



Primer complementary to this region 



* 

— GCATGC- — n 



ev sequence 



T GCT C Original 

ala leu ala 



17 18 19 



Amino acid 
residue 
(Kurjan & 
Herskovitz. 1982) 



SphI site underlined 
* = see text 



| identifies bases changed using mutagenesis 

The small SstI to Hindlll fragment from pDP258 (see figure 
18) vas cloned into SstI + Hindlll-cut RF Ml3mpl8 DNA (BRL 
520-8227SA). Potentially recombinant plaques (white on X-gal + IPTG) 
were characterised by small-scale preparation of RF DNA for sizing and 
restriction enzyme analysis by agarose gel electrophoresis. A large 
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scale single-stranded template DNA preparation was generated from a 
clone containing this fragment for use in in vitro mutagenesis 
experiments using an oligonucleotide primer as shovn in figure 1A) . 
Following transformation of the mutagenised population, 15 plaa.ies 
were picked and single-stranded template DNA was prepared. Following 
sizing by agarose gel electrophoresis, 11 templates were examined by 
standard chain-termination sequencing, for the appearance of an an 
extra T residue (complementary to the "A" asterisked in figure 1A) . 
Clone #6 was then chosen from further sequencing studies which showed 
that there were no additional changes detected in the known MF alpha 1 
promoter or coding sequence, lul of a 1/100 dilution of the template 
DNA preparation of clone *6 was then transformed into competent TGI. 
Plaques were picked and inoculated into 1ml cultures of 2xTY, 
previously seeded with TGI cells (as described in the Amersham kit). 
These cultures were grown with shaking at 37C for 5hr, and used to 
inoculate 100ml 2xTY media. After a further 5hr shaking incubation 
double-stranded RF DNA was prepared by standard plasmid preparation 
methods. The small SstI - Hindlll fragment from clone #6 (preparation 
A) was then generated by restriction enzyme cutting, and the fragment 
purified following separation by agarose gel electrophoresis. The 
purified fragment was cloned into the large Hindlll - SstI pDP258 
fragment (see figure 18) to generate pDP294 i.e. pDP258 containing an 
SphI site at the putative signal peptidase cleavage site (the "SIGPEP" 
vector) . 

In t roduction of StuI site at KEX2 processing site. 



In order to enable fusion of the elastase inhibitor coding 
sequence to the KEX2 processing signal a StuI site was introduced by 
PCR mutagenesis. 
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Figure 2A. 



PGR primer complementary to this region 



StuI Hindlll 

AGG CCT AA GCT T — - New sequence 



-A GAG Original sequence 



ser leu asp lys arg 
81 82 83 84 85 



Amino acid residue 
(Kurjan & 
Herskowitz 1982) 



| identifies bases changed using PCR mutagenesis to introduce StuI 
site (underlined). 

Two PCR primers were generated. The first (33mer) was 
homologous to the MF alpha 1 sequence (Kurjan, J. & Herskowitz, I. 
Cell 30, 933-943. 1982) apart from the bases shown in figure 2A above. 
This primer was designed to include the new StuI site and the existing 
Hindlll site in the PCR product. The second 30raer oligonucleotide 
primer was homologous to the MF alpha 1 region -211 to -241 (Flessel 
et al. Genetics 121:223-236. 1989) including the Nsil restriction site 
at -227. Using these two oligos as primers and a plasmid (e.g.pDP258) 
template in a PCR amplification reaction a fragment of approximately 
490bp can be generated. Following extraction with 1 volume of 
phenol: chloroform: isoamyl alcohol (25:24:1) and ethanol precipitation 
the PCR DNA product was taken up in 1 volume of water. The DNA was cut 
with Nsil and Hindlll restriction enzymes. The product of this 
reaction was run on an agarose gel and the band running at 490bp 
(approx) was purified by standard techniques. 
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A pUC18 (BRL520-5363SA) recombinant vas generated containing 
the Xbal to Hindlll region of pDP258 . The Nsil site (-227 of Flessel 
et al) vas unique in this plasraid. The Nsil-Bindlll fragment in this 
plasraid vas replaced with the PCR-generated fragment containing the 
nev StuI site, by standard cloning techniques. Six clones vere 
identified which contained a StuI site. Clone #6 vas characterised by 
dideoxy sequencing as containing the nev StuI site at the correct 
position and with no additional mutations compared to published 
sequences. This plasmid vas designated pDP273. 

The large Xbal - Hindlll fragment of pDP258 and the "StuI" 
Xbal - Hindlll fragment from pDP273 vere then prepared by restriction 
enzyme cutting and separation on agarose gels. Following purification 
from the agarose gel, these fragments vere ligated and transformed 
into competent E.coli (HB101). Small scale DNA preparations vere 
generated from 36 colonies. The DNA vas digested with StuI and SstI 
restriction enzymes. Clone #9 vas identified as having the correct 
restriction enzyme pattern as visualised by agarose gel 
electrophoresis (pDP274). pDP274 DNA vas then cut with Xbal and 
ligated vith a purified preparation of the small Xbal fragment from 
pDP258. Small scale DNA preparations vere made from 36 E. coli colonies 
transformed vith this ligation mixture. Folloving digestion vith EcoRI 
+ StuI tvo clones vere identified vhich contained the small Xbal 
fragment in the correct original native orientation. One clone vas 
prepared (pDP289) for further vorlc. i.e. pDP258 with StuI site at the 
K£X2 processing site. 

Cloning of Elastase Inhibitor gene downstream of yeast sec retion 
signals ■ 

pAG76 was cut vith the restriction enzyme 3spMI, (see Figure 
13), then treated vith T4 polymerase to fill in the 5' overhang to 
generate flush-ended DNA. Folloving extraction vith 

phenol: chloroform: isoaraylalcohol and ethanol precipitation the DNA vas 
dissolved in water and digested with Bamfll restriction enzyme. The 
small fragment encoding the elastase inhibitor was isolated by 
purification from an agarose gel. Each of the 3 vectors vas then 
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digested as described belov and the large fragments isolated from 
agarose gels. 



P DP258 - cut with Hindlll, treated with T4 polymerase to fill 
the 5' overhang, cut with BamHI. 

pDP289 - cut with StuI and BamHI 

pDP294 - cut with SphI, treated with T4 polymerase to remove 
the 3 'overhang, cut with BamHI. 

Each of the three purified vector fragments was ligated with 
the elastase inhibitor fragment. Samples of each of the ligation 
mixtures were transformed into competent HB101 E.coli . 20 - 40 small 
scale DNA samples were prepared from colonies obtained with each of 
the three ligation mixtures. Recombinants were identified by digestion 
with restriction enzymes BamHI - PstI and separation of fragments on 
agarose gels. Clones having the correct sequence at the fusion between 
the MF alpha 1 signal and the elastase inhibitor coding sequence, were 
confirmed by DNA sequencing Clones chosen for further analysis were 
as follows: 



pDP280 STE13/elastase inhibitor fusion i.e. derived from pDP258 

pDP298 SIGPEP/elastase inhibitor fusion " 11 pDP294 

pDP299 KEX2/elastase inhibitor fusion " " pDP289 

These constructs were transformed (Sherman et al) into 
JRY188 (Brake et al. P.N.A.S. 81, 4642-4646, 1984). Clones vere 
inoculated and grown at 30°C to stationary phase in liquid TP AD 
(Sherman et al, Methods in Yeast Genetics, Cold Spring Harbor 1986, 
pl64,165) or -LEU "drop-out" media (Synthetic Complete Medium 
minus leucine in Sherman et al Methods in Yeast Genetics, 
Cold Spring Harbor, pl64, 165, 1986). Active elastase inhibitor 
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could be detected in supernates of cultures from the pDP280 clones 
(see figure 19). Yields of material from pDP298 and pDP299 clones vere 
lover. 

The constructs were also transformed into yeast strain 
XS95-6C (Yeast Genetic Stock Center, University of California, 
Berkely, CA 94720). After 72hr shaking incubation (250rpm) at 30°C 
when the culture had reached stationary phase (typically 0D600 = 4-6), 
culture supernates vere harvested by pelleting whole cells. Using the 
enzyme assay described in belov, activity was detected in culture 
supernates. Based on standard curves using native elastase inhibitor 
(see belov) pDP298 clones vere secreting up to 3.5 ug/ml of active 
elastase inhibitor into the culture supernate. 

Purification of recombinant human elastase inhibitor protein 

Material obtained using the STE13 processing site (p DP280) 
and a host of JRY188 grovn in liquid -LEU "drop-out" media vas 
purified as follovs. 

The culture supernates ( up to 2 litres grovn in shake 
flasks) vere filtered using a 0.22u filter. The filtrate vas 
concentrated approximately ten folds using a 3000 Mr cut off filter in 
an Amicon spiral concentrator. The concentrate vas then 
dialysed against 3 x 20 volumes of 10 mM ammonium formate (pH 4). The 
dialysed material vas loaded onto a pre-equilibrated Sulphopropyl 
Sepharose column and eluted with a 10 mM to 50 mM ammonium formate 
gradient. Active fractions were pooled, concentrated and loaded onto a 
size exclusion column (Pharmacia HR100) and eluted vith a phosphate 
buffered saline solution. 

A microheterogeneous product vas obtained, which on 
N-terminal sequencing gave mature polypeptide of formula I (60 X) and 
mature polypeptide of formula I plus either one or two glu-ala amino 
acid terminal extensions. These extensions were thought to be due to 
incomplete processing by the yeast strain and the polypeptide vith 
these terminal extensions vere separated from the mature polypeptide 
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of formula I by MonoS HPLC in 50mM sodium acetate pB 4.5 using an 
eluent comprising a 0 to 0.5M sodium chloride gradient. The 
microheterogeneous product vas found to have the same specific 
activity as that exihibited by the the polypeptide isolated from 
psoriatic plaques. 

A similar procedure was employed to purify protein produced 
by cultivating constructs obtained by use of the SIGPEP and KEX2 
processing sites. With these constructs a homogeneous species having 
the correct N-terminal sequence for mature polypeptide of formula I 
was obtained. 

The purification procedure used with constructs grown in 
other hosts was essentially as above. For example, the construct 
obtained using the signal peptidase cleavage site was grown in yeast 
strain XS 956C and purified according to the above protocol to give 
4mg of mature polypeptide of formula I as a single species which 
exhibited the same specific activity as the polypeptide isolated from 
psoriatic plaques. 

Assay to determine the presence of elastase inhibitor 

The presence and quantity of the polypeptide of formula I 
during, for example its production via recombinant DNA technology, was 
monitored using the following assay. In this assay the activity of 
material was determined by the inhibition of porcine pancreatic 
elastase (Sigma) using N-methoxysuccinyl 

ala-ala-pro-val-p-ni troanilide (AAPV, Sigma) as substrate. 

The sample, for example the supernate from the yeast 
fermentation, (lOOul) was mixed with porcine elastase (lOug/ml) in 
assay buffer (0.1M Hepes/0.5H NaCl/pH 7.5 containing 1% RIA grade 
bovine serum albumin). The mixture was incubated for 30 minutes at 
room temperature, substrate (800yl, 2.5mM) in assay buffer added and 
the mixture incubated for 2 minutes at room temperature. The rate of 
change of absorbance at 405nm was measured for 2 minutes and the 
activity calculated from a standard curve constructed using the 
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polypeptide of formula I isolated from psoriatic plaques (the standard 
vas used in the range 0 to 2.5ug/ml). 

Inhibitory activity of recominant elastase inhibitor agair.^t HLE 

The recombinant elastase inhibitor produced by the methods 
described above vas tested for inhibitory activity against human 
leukocyte elastase using the method described above. The recombinant 
polypeptide vas found to have inhibitory activity comparable to that 
of the material obtained from psoriatic skin. 

Poly LC-HPLC of crude recombinant elastase inhibitor 

lOOyg of crude recombinant elastase inhibitor vere 
chromatographed on a Poly LC column and revealed to human leukocyte 
elastase inhibiting peaks. Tvo major peaks (I and II) vere observed. 
Peak I contained 23ug protein basing on integrated absorbance at 215nm 
and 19.4 yg active inhibitor (M T - 7017, titrated vith HLE). Peak II 
contained 8.4yg protein and 6 . 9ug active inhibitor. Therefore these 
tvo peaks appeared to be essentially pure inhibitors. A coelution 
experiment of lug Peak I and lug of the polypeptide of formula I 
obtained from human psoriatic skin shoved that Peak I and the material 
obrained from skin are identical in this system. This vas further 
substantiated by a coelution experiment on RP^g-HPLC also shoving a 
single peak. 

Peak I of Poly LC-HPLC vas titrated against HLE for 
determination of K. according to the method of Green and Work. Peak I 
shoved a K. of 8.0 x 10 M in comparison to the inhibitor from human 

1 I Q 

skin vhich shoved a L of 3.3 x 10 M. In respect to the accuracy of 
the method of Green and Vork the material of Peak I is seen to be of 
comparable activity to the polypeptide obtained from human psoriatic 
skin . 

This crude recombinant elastase inhibitor seems to be 
composed of about 75X inactive protein, 5% of a HLE inhibitor vhich 
differs from the polypeptide of formula I obtained from human skin in 
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retention time on Poly LC-HPLC (probably due to elongation or eletion 

at the n-terminus) and 20% of an HLE inhibitor (Peak I in Poly 

LC-HPLC) identical with the polypeptide obtained from human psoriatic 

skin in regard of retention times in TSK 2000 size exclus ion-HPLC , 

RP 10 -3PLC, Poly LC-HPLC and inhibitory activity. 
18 

cDNA sequence of Human Leukocyte Elastase Inhibitor 

The derivation of DNA sequences coding for a particular 
polypeptide may be carried out using standard techniques. Such 
techniques include screening techniques, that is hybridisation 
screening of recombinant cDNA libraries with mixed oligonucleotides 
representing possible DNA sequence combinations, and amplification 
techniques, such as that knovn as PCR (polymerase chain reaction). 

Experimental protocols for the screening of cDNA libraries 
by both the above methods are described in "Molecular Cloning" - 
Sambrook, J; Fritsch, E.F and Mariatis, T; Second Edition, Cold Spring 
Harbor Laboratory Press 1989. 

Using the above-mentioned veil known techniques the cDNA 
sequence was determined for the "Prominent inhibitor" (ie the 
polypeptide of formula I). A lung cDNA lambda gtll library was used 
and the sequence illustrated in Figure 14 was obtained. The sequence 
was believed to continue as illustrated in Figure 15. A translation 
termination codon is present after the coding sequence and a poly 
adenylation signal is believed to be present 153bp further 3' . Also a 
250bp intron is thought to be present at the 3' end of the gene. 

In further work cDNA clones were isolated which encode the 
complete amino-acid sequence of the major active component (and minor 
components) of preparations of the elastase inhibitor fr: m a human 
lung cDNA library. Fig. 16 shows the complete DNA sequence of one 
such clone (EI4). This sequence was also verified in other, 
independent cDNA clones and from DNA fragments isolated from the same 
cDNA library by PCR. This sequence demonstrates the presence of 
upstream in-frame protein coding sequence in addition to the elastase 



- 47 - 



inhibitor coding region. This upstream sequence has the following 



features: 



a) The 19 amino-acid codons immediately upstream crom the 
elastase inhibitor protein sequence are consistent with protein 
sequence data derived from a minor protein fraction (peak V, component 
A) identified by protein sequence analysis. 

b ) Six copies of a repeat peptide motif (nominally 
Val-Lys-Gly-Gln-X-Y, where X is either As P ,Val,Glu.Pro,Ser or Lys)from 
residues -26 to .10 from the start of the elastase inhibitor coding 
sequence. The N-termini of the various minor components of elastase 
inhibitor preparations are not consistent with this motif being the 
site of secific proteolytic cleavage. 

c) The N-terminus encoded by this clone is highly hydrophobic 

(13 out of 18 residues) which may represent part of a signal sequence 
or transmembrane domain. 

This clone does not contain a recognisable translation 
initiation codon according to conventional beliefs i.e. AUG . The 
results of primer extension studies reveal the start of a major 
transcript approximately 30 bases prior to the start of the cDNA 
sequence identified in mRNA from cultured human keratinocy tes (HE* 
78) The presence of a similar message in a range of other mRNA 
species (including total RNA from human lung) was not demonstrated by 
this technique. 

Northern blot analysis of pancreatic adenocarcinoma total 
RNA demonstrated the presence of a homologous transcript of 
approximately 750 bases. This is not inconsistent with the predicted 
size from the above cDNA sequence of primer extension da.a (assumxng a 
polyadenylation length of approximately 190 bases). 
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ANTIBODIES TO THE ELASTASE INHIBITOR 

Antibodies were raised to the polypeptide of formula I using 



New 



Zealand White rabbits. The following vaccines were used: 



1. Substrate (A), which comprised the 16 N-terminal amino acid 
residue of the polypeptide of formula I, coupled to bovine serum 
albumin via maleimidobenzoyl-n-hydroxysuccinimide ester by the method 
of Lerner et al (Proc. Natl. Acad. Sci. USA 78:3403-3407); 

2. Substrate (A) coupled to bovine thyroglobulin as in 1 above; 

3. Substrate (A) mixed with methyl-bovine serum albumin; and 

4. The fusion protein of 3e:a galactosidase and the polypeptide 
of formula I. 

The immunisation schedule used for the peptides listed in 1,2 and 3 
above was as follows: 

Day 1 - 250ug of the peptide in Freund's complete adjuvant 

was administered subcutaneously ; 
Day 39 - 250ug of the peptide in Freund's incomplete adjuvant 

was administered subcutaneously; 
Day 66 - 250ug of the peptide in Freund's incomplete adjuvant 

was administered subcutaneously; 
Day 107 - lmg of the peptide was administered intravenously 

without adjuvant; 
Day 120 - bleed. 

The immunisation schedule used for the fusion protein listed 
in 4 above was as follows: 

Day 1 - 200ug of the protein vaccine in Freund's complete 

adjuvant was administered subcutaneously; 
Day 22 - lOOug of the protein vaccine in Freund's incomplete 

adjuvant was administered subcutaneously; 
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Day 61 - 200ug of the protein vaccine in Freund's incomplete 

adjuvant vas administered subcutaneously ; 
Day94 - 130ug of the protein vaccine without adjuvant vas 

administered intraveneously ; and 
Day 107 - bleed. 

The cross reactivity of the antisera generated vas tested 
using SDS PAGE and Western blotting. The antiserum generated using the 
fusion protein (4 above) vas found to cross react with the polypeptide 
of formula I isolated from psoriatic plaques and also with recombinant 
polypeptide of formula I (lug detected at a dilution of 1 in 2000) and 
a^-anti trypsin. The o^-anti trypsin cross reactivity vas removed (90%) 
by passing (x3) the antisera through a column comprising immobilised 

(25 mg a^-antitrypsin bound to a 5ml cyanogen bromide activated 
sepharose 4B column - Parmacia). The antisera generated from the 
peptides listed under 1,2 and 3 were also found to cross react vith 
recombinant polypeptide of formula I. 

Various body tissues vera treated vith the antisera using a 
titer of 1:50 and a standard immunoperoxidase technique. Strong 
reactivity vas found virh hepatocytes in the hepatobiliary system, 
slight reactivity vas found vith muscularis mucosae in the stomach, 
slight reactivity vas found vith lamina spinosa and venous smooth 
muscle cells in the tonsils, and strong reactivity with' the stratum 
corneura, stratum granulosm, stratum spinosm and stratum basale of the 
epidermis of skin. 

ABBREVIATIONS 

AAPFpNA succinyl-alanyl-prolyl-phenylalanyl-p-ni troanilide. 
AAPV-AFC methoxy-succinyl-alanyl-alanyl-prolyl-valyl- 

trif luoromethylcoumarine . 
AAPVpNA me thoxy-succinyl-alanyl-prolyl-valyl-p-ni troanilide. 
TGPLpNA tosyl-glycyl-prolyl-lysine-p-ni troanalide. 
HLE human leukocyte elastase. 

TFA trif luoroacetic acid. 

DMS0 dimethylsulphoxide. 
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PCR 



Polymerase chain reaction - a method for amplifying a 
desired DNA sequence, see for example K. Kleppe et al J. 



Mol. Biol (1971), 56, 341-361; and European Patent 
Application, publication number 0201,184; ani "Molecular 
Cloning - A Laboratory Manual" 2nd Edition, Sambrook. J, 
Fritsch, E. F and T. Maniatis. CSH 1989. 



Amino Acid notation 

G or Gly: Glycine 
A or Ala: Alanine 
S or Ser: Serine 
T or Thr: Threonine 
C or Cys: Cysteine 
N or Asn: Asparagine 
Q or Gin: Glutamine 
L or Leu: Leucine 
I or lie: Isoleucine 

V or Val: Valine 

M or Met: Methionine 

F or Phe: Phenylalanine 

V or Tyr: Tyrosine 

V or Trp: Tryptophan 
P or Pro: Proline 

D or Asp: Aspartic Acid 
E or Glu: Glutamic Acid 
H or His: Histidine 
K or Lys: Lysine 
R or Arg: Arginine 

Standard notation is used for denoting DNA sequences. 
DESCRIPTION OF FIGURES 1 TO 8 



FIGURE 1 illustrates Cation-Exchange-Chromatography (TSK CM 3 
SE-HPLC) of an acidified extract from 50g psoriatic scales. Column 
fractions were collected automatically (60 drops/fraction) and 
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monitored for protein content as 280 nm. Fractions vere assayed for 
HLE inhibitoractivity (HLE-I). 5ul of each fraction were assayed for 
inhibitory activity towards HLE mediated proteolysis of the synthetic 
tetrapeptide substrate methoxy-succinyl-alanyl-alanyl orolyl-valyl-p- 
nitroanilide. Inhibitory active fractions (hatched area) vere 
combined for further purification. 

FIGURE 2 illustrates Reversed-Phase-Cg-Chrotnatography (Nucleosil 300 

C Q -HPLC) of elastase inhibitor containing fractions derived from 
8 

cation exchange chromatography, subjected for a second 
rechromatography. Protein content was continuously recorded at 215 
nm. Elastase inhibitor containing fractions were combined (hatched 
area) and subjected to Poly LC chromatography. 

FIGURE 3 illustrates Poly sulfoethyl aspartaraide chromatography (Poly 
LC-HPLC) of elastase-inhibitor containing fractions derived from 
reversed phase C g chromatography. Protein content was recorded at 
215 nm. The most prominent peak V basing on protein content and 
inhibitory capacity (approx. 20* of total) vas collected and further 
purified by reversed phase C^ chromatography. 

FIGURE 4 represents Reversed-Phase-C ia -Chromatography (Nucleosil 5 

C. Q -HPLC) of the major elastase inhibitory component derived from Poly 
18 

LC-HPLC, subjected for second rechromatography. The hatched area 
represents the purified prominent elastase inhibitor. This 
preparation vas used for further characterisation. 

FIGURE 5 apparent molecular mass of the polypeptide of formula I 
determined by analytical gel chromatography on TSK 2000 HPLC vi th 0.1X 
TFA as eluent. Protein content was monitored at 215 nm. As 
markers were used: Val-Gly- Ser-Glu MV 390, insulin Beta-chain 
fragment 22-30 MV 6512, soyabean trypsin inhibitor MW z2000. ovomucoid 
trypsin inhibitor HV 27000, bovine serum albumin MV 67000. 



FIGURE 6 isoelectric focussing of polypeptide of formula I on 
Servalyt R precoates pH 3-10. As standards we used Serva Test Mix 9 
composed of cytochrom C (Cy-c) ribonuclease A (Rib A), myoglobulin 
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from vhale (Myo I) and myoglobulin from horse (Myo II). Gels were 
either stained with silver (shown on top) or sliced, eluted with 
acetonitril and assayed for elastase inhibitory activity (HLE-I) 
(shown on bottom). 

FIGURE 7 titration of human leukocyte elastase with the prominent 
elastase inhibitor (the polypeptide of formula I). Purified HLE 
(titrated to lyg/ral with recombinant eglin C) was titrated against the 
prominent inhibitor 0.05-0.8ug (protein content basing on integrated 
absorbance at 215nm in reversed phase C 18 -HPLC). Enzyme and the 
prominent inhibitor were preincubated for 30min at 21°C and remaining 
activity was determined from E 1 min using 2mM AAPV-pNA as substrate. 
Ki was 3 x 10" 10 M as calculated by the method of Green and Work (8). 

FIGURE 8 shows the sequence of the prominent elastase inhibitor, 
that is the polypeptide of formula I. 

DETAILS OF DEPOSITS UNDER THE BUDAPEST TREATY 

The following plasmids have been deposited a The National 
Collection of Industrial and Marine Bacteria Limited, 23 St Machar 
Drive, Aberdeen AB2 1RY, Scotland, UK under the Budapest Treaty. 

pUC18 in E Coli host strain CGSC 6300 (USD 1208) 

pUEX2 " " " " " " " (MSD 1209 > 

pDP258(HB101) in E Coli strain BB101 (pDP258 (HB101) 
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